Running times and computational resources
We ran the 94 morphing simulations on a high throughput cluster (HPC) 1 where each node is a Ivy-Bridge Intel E5-2670 v2 2.5GHz processor with 64 GB memory. We sim- 
Detailed analysis of conformational transitions
Because structural transitions follow paths in a very high dimensional space, it is a nontrivial task to compare the transition paths generated by our Gibbs sampling algorithm with other pathways reported in the literature. We projected the transitions onto various reaction coordinates such intra-domain angles as well as principal components. We studied four examples in more detail.
Adenylate kinase
Adenylate kinase (AdK) is a phosphotransferase that catalyzes the reaction converting ATP and AMP into 2 ADP molecules. AdK is composed of three domains: NMP binding domain (residues 30-60), LID (residues 115-160) and the CORE domain (residues 1-30, 61-114, and 161-214). Figure S1 presents the conformational change between the open (PDB code 4ake, chain A) and the closed state (PDB code 1ake, chain B). This large-scale structural transition can be captured by two intra-domain angles θ NMP and θ LID (Beckstein et al., 2009) . The NMP-CORE angle θ NMP is the angle between the centers of mass of two segments L115-V125 and L35-A55 relative to I90-G100 based on Cα positions. The LID-CORE angle θ LID is the angle between the centers of mass based on Cα positions of segments I179-E185 and V125-L153 relative to L115-V125.
The forward and reverse transitions generated by our Gibbs sampler follow different pathways. Visual comparison with the analysis by Seyler et al. (2015) reveals that our transition path is close to the path generated by GOdMD (Sfriso et al., 2013) in that the LID-CORE angle changes first and is followed by a transition in the NMP-CORE angle.
Our reverse transition is close to the pathway generated with ANMPathway ( 
GroEL
To illustrate the transition path between the T state (PDB code 1oel, chain F) and R" state (PDB code 1sx4, chain G) in GroEL, we used a reaction coordinate (RC) similar to the one defined by Zheng and Wen (2017) . We defined the reacion coordinate RC S to measure the movement of some domain S as follows:
where δX S is the displacement vector from the center of mass of domain S in the initial structure to the center of mass of domain S in the intermediate structure. Figure   S2 shows the movement of the Apical (A) and Intermediate (I) domain relative to the Equatorial (E) domain measured by RC AE and RC IE . χ 1 (domain opening angle) and χ 2 (tilt angle) defined by Knöfel and Sträter (2001) and Krug et al. (2016) . Figure S3 shows the evolution of χ 1 and χ 2 during the transition paths generated with our Gibbs sampler and highlights that the generated paths find an experimentally characterized intermediate state (PDB code 1oi8). For comparison, we also show the transition path for the forward direction generated with GOdMD by Sfriso et al. (2013) , which steps through a similar sequence of collective variables (the GOdMD simulation for the reverse direction failed, producing a final structure with an RMSD of ∼7Å to the target).
5'-nucleotidase

Ribonuclease III
Ribonuclease III (RNase III) is a ribonuclease that plays an important role in RNA processing. RNase III recognizes and cleaves dsRNA at several target locations to create mature RNAs (Gan et al., 2005) . We investigated the transition path of RNase III and compared our results with pathways generated by Orellana et al. (2016) . We used principal component analysis (PCA) to project the transition path onto the first two principal components (PCs). Figure S4 shows the forward and reverse transition starting from non-catalytic complex (PDB code 1yyo) and targeting the pre-catalytic complex (PDB code 1yyw). The forward transition comes close to the inactive dsRNA-bound state (PDB entries 1yyk, 2nue).
The reverse transition comes close to the Mg2+ bound catalytic state (PDB entries 4m30, 4mz2).
Supplementary movies
Our supplementary movies show forward and reverse transitions in cartoon representation generated by Pymol (DeLano, 2002) .
• Movies Adk forward.avi and Adk reverse.avi show the forward and reverse transition in Adenylate kinase wher NMP, LID and CORE domain are colored in red, green and blue. Structures were superimposed onto the CORE domain.
• 
